Modifications cdr~brales diabdtiques: dtude de l'ultrastructure du cerveau d'hamsters chinois diabgtiques
Rdsumg. [2, 7] and in the renal glomerulus [11] have been studied in detail, little if any attention has been given to the nervous system. It is the purpose of this paper to present ultrastructurM changes in the brains of early onset diabetic chinese hamsters as compared with nondiabetic controls of the same sex and age.
Materials and Methods
Three diabetic hamsters and 3 non-diabetic controls of the same sex and age from the Upjohn colony were killed by exsanguination (Table) . The cranium was rapidly removed, and a segment of the central part of the right cerebral hemisphere rapidly excised and minced in cold Dalton's chromeosminm fluid. Blocks were fixed 1--2 h, dehydrated in a graded series of ethanol, and embedded in Durcupan (Swiss Araldite).
Polymerization was 48--96 h at 60~
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were cut with a diamond knife and a MT-I microtome, stained with lead citrate and examined in an RCA EMU-3H electron microscope.
Observations
Cerebral cortex from the brains of the 3 non-diabetic control animals was normal by electron microscopy. Basement membranes about capillaries and arterioles were thin. No evidence of degenerative changes could be seen. In contrast to the normal ultrastructure of the control brains, cerebral cortex from all of the diabetic animals showed a variety of abnormalities.
Blood vessels in brains of diabetic animals had -three distinct types of lesions. About some vessels, especially arterioles, there were accumulations of electron-dense material (Fig 1) . Some ceils were distinguished from smooth muscle with difficulty. Others could be macrophages or the so-cMled pericytes. The electron-dense material in part of them may be lipid, and in part the remnants of lipid digestion, namely, lysosomes. About many vessels, especially capillaries, there was a perivascular extension of an amorphous electron-dense material that extended out between the closely packed perivascular glial processes. The third vascular lesion was a marked thickening and reduplication of basement membrane (Fig. 2) . Such Fig. 1 . Small arteriole in cerebral cortex of diabetic h a m s t e r . N u m e r o u s lipid droplets a n d lysosomes are p r e s e n t in c y t o p l a s m of o u t e r m o s t p e r i v a s c u l a r cell. This cell is enclosed b y b a s e m e n t m e m b r a n e a n d m a y r e p r e s e n t a n altered s m o o t h muscle cell. P a r t of a dense microglial cell is p r e s e n t at t h e right.
• 8000 Fig. 2 . A n o t h e r cerebral blood vessel in a diabetic h a m s t e r . T h e t h i c k e n e d wall of this t i n y vessel is obvious.
• 20 000 S extensive thickening of the wall of a small cortical vessel was never seen in the control animals. I t was more frequent and more m a r k e d in the oldest of the diabetic hamsters examined.
Mitochondrial abnormalities were observed in all three diabetic hamsters. Mitochondria in neurite processes, especially in dendrites ( Fig. 3 and 4) were hypertrophied. These m e g a m i t o c h o n d r i a were packed • 45 000 with cristae. I n others almost no cristae could be recognized, representing either a tangential section or an end-stage. Axons were in various stages of degeneration. Some had an axoplasm with an increase in fibrfllar content (Fig. 5) . Others showed ,outright axoplasmic degenerat i o n of the surrounding myelin sheath. Large nnmyelinated nerve processes (Fig. 6 and 7) were also in the midst of a degenerative process. They were e x p a n d e d in cross-section and contained an excess of b o t h mitochondria and ]ysosomes. Elsewhere in the shire • 15000 m a t t e r "holes" were present (Fig. 8) , which represent the space previously occupied b y processes such as those seen in Figs. 6 and 7. TMs is a common reaction to loss of a nerve cell or process. Other such spaces perhaps resulted from the remains of disintegrated myelin. M a n y axonal terminals contained small lysosomes. Some synaptic endings on the neuronal soma a p p e a r e d as an e m p t y shell t h a t still indented the surface of the neuron. I n some (Fig. 9 ), a few small synaptie vesicles remained. Often the zone of a t t a c h m e n t remained but a p p e a r e d abnormal (Fig. 9) .
Discussion
Vague and scattered references to pathologic alterations in the brains of h u m a n diabetics have been cited in the diabetic literature. 1Viorphologic changes men- Fig. 8 . Residual space in white m a t t e r after loss of a d e g e n e r a t e d n e u r i t e process. 74 15000 Fig. 9 . The nucleus and cytoplasm of~eortical neuron are present at the lower left. Several axons nearing their endings i n d e n t t h e surface of t h e a x o n (NE). They c o n t a i n s y n a p t i e vesicles a n d dense bodies t h a t p r o b a b l y represent lysosomes. A b o v e these processes there is a n e m p t y m e m b r a n e enclosed space t h a t is c o n t i n u o u s (arrow) w i t h a small zone c o n t a i n i n g s y n a p t i c -t y p e vesicles. A dense zone is p r e s e n t along p a r t of t h e m e m b r a n e -c o n t a c t zone suggesting t h a t this m a y be a n a b n o r m a l synaptie ending.
• 22 000 tioned have included glycogen in the perivascular space and in pyramidal cells, dilated blood vessels and glial proliferation; all changes that could be considered non-specific. DeJong [3] was the first to implicate the central nervous system as being involved in severe diabetes mellitus. More recently 01sson, et al. [9] Lapresle [6] and l~esko-Nielsen and Lundbaek [10] have reported in some detail on central nervous system lesions in diabetes, especially on perivasc~lar changes. At the light microscopic level, however, the dramatic degree of involvement of the brain has been unsuspected. The questions of interpretation of our findings and the questions of pathogenesis remain to be resolved. Gottstein & Held [11] have been concerned with the effects of insulin on cerebral glucose uptake. Butterfield et al. [1] have suggested that the brain is insulin sensitive and that in the diabetic brain glucose uptake is reduced. Flock et al. [4] also have been concerned with glucose concentrations in the brains of diabetic rats, although their data are difficult to interpret in regard to ours since theirs were acute experiments.
